To determine the incidence of transient congenital hypothyroidism due to TSH receptor-blocking antibodies, we screened dried blood specimens obtained from 788 neonates identified as having possible congenital hypothyroidism (from a total population of 1,614,166 babies) and 121 controls. A RRA was used. The potency ofblood spot TSH binding inhibitory activity was compared with the severity of congenital hypothyroidism to assess the possible etiological relationship. Maternal serum was studied to confirm the presence of blocking antibodies by both RRA and bioassay.
Blood spots obtained from 9 infants contained potent TSH receptorblocking activity. Samples from 2 additional babies, studied because of clinical suspicion of the disease, were also positive. Long term outcome was known in 8 of the 11 babies, and all had transient disease. Neonates with TSH receptor-blocking. activity greater than 132 U/L had a significantly lower T4 level (P <0.05) andhigher TSH (P < 0.005) than those in whom TSH bindine-inhibitorv activitv was less than 132 U/L. All 9 mothers had autoikmune thiroid disease, and 3 had more than 1 affected child. Potent blocking activity was present in 7 maternal serum samples as long as 7 yr after the births of their affected babies.
We conclude that measurement of TSH binding-inhibitory activity in dried neonatal blood specimens is a simple and effective method to predict the occurrence of transient congenital hypothyroidism. The incidence of this disorder in North America is 1 in 180,000 normal infants, or approximately 2% of babies with congenital hypothyroidism. (J Clin Endocrinol Metab 81: 1147 -1151 , 1996 C ONGENITAL hypothyroidism occurs in 1 in 4000 newborn babies and is one of the most frequent preventable causes of mental retardation (1). Although the majority of affected infants have a defect in thyroid gland development or thyroid hormone synthesis and will, therefore, require lifelong thyroid hormone replacement (2), in approximately 10% of babies detected by newborn screening, the abnormality in thyroid function will be transient (1). Recent interest has focused on the possible etiological role in some of these transient cases of maternal TSH receptor-blocking antibodies.
Although difficult to distinguish at birth from those with the more common thyroid gland dysgenesis, affected infants differ from the latter in a number of important ways (3-5). They do not require lifelong therapy, results of thyroid imaging may be misleading in them, and there is a high recurrence rate in subsequent offspring due to the tendency of these antibodies to persist for many years in the maternal circulation (>5). Furthermore, others have suggested recently that the intellectual outcome of babies with maternal blocking antibody-induced congenital hypothyroidism may be less favorable than that of babies with a permanent abnormality of the thyroid gland, especially if unrecognized maternal hypothyroidism was present in uhvo (6). The incidence of transient congenital hypothyroidism secondary to maternal TSH receptor-blocking antibodies is unknown, and most information derived about this syndrome to date has been obtained from isolated case reports (3-5,7). In the present study, we have taken advantage of the recent observation that affected babies can be identified by evaluation of ['251 ]TSH binding inhibitory activity in dried neonatal blood specimens obtained for routine screening purposes (8). We have employed this technique to evaluate the incidence of this disorder in more than 1.6 million babies born in New York State over a 6-yr period and have analyzed the clinical and immunological data in a total of 9 babies so discovered as well as in their mothers. Data from 2 additional infants in whom the diagnosis was suspected clinically were evaluated similarly.
We also sought to establish whether an etiological relationship was present by relating the potency of the blocking antibodies to the severity of congenital hypothyroidism. JCE & M . 1996 VolSl.No3 
Statistics
The significance of the difference between groups was evaluated by Student's t test. P < 0.05 was considered significant.
Results
Dried blood specimens from a total of 11 neonates were found to contain significant TSH binding inhibitory activity. Nine of these were obtained from the screening portion of the study; 2 additional babies were identified because of clinical suspicion of the disorder. Three of the former cases have been reported previously (8) . In all instances, blocking activity was extremely potent, being at least 3 SD above the mean for normal newborns.
In 7 of the cases, the level was more than 4 SD, and in 3, it was greater than 20 SD.
The available clinical data for the 11 infants are presented in Table 1 . All 8 babies in whom follow-up information was available had transient disease. Those babies with the most potent TSH binding inhibitory activity had the most severe hypothyroidism, as determined by comparison with results of thyroid function tests performed in the same spots at the time of newborn thyroid screening. Furthermore, in this group of babies, the antibodies were sufficiently potent to block TSH-induced uptake of radioactive iodine on thyroid scan, leading to the misdiagnosis of thyroid agenesis. In part 2, a sufficient number of babies was studied to permit statistical analysis. As demonstrated in Fig. 1 , the 3 infants with the highest TSH binding inhibitory activity (>132 U/L) had a significantly lower mean T, concentration on neonatal screening (mean 2 SD, 47 % 21 vs. 93 + 39 nmol/L; P < 0.05) and a significantly higher TSH level (>200 us. 85 2 48 mu/L; P < 0.05) than those with TSH binding inhibitory activity less than 132 U/L. Clinical information in the mothers is presented in Table 2 . The 11 babies were born to 9 mothers, all of whom had been diagnosed as having hypothyroidism and were being treated with thyroid hormone. Three of the mothers had been treated initially for Graves' disease. None of the 4 mothers examined had a palpable goiter. Two mothers had more than 1 affected child, and 1 has had, in turn, a normal infant, one with hyperthyroidism, and one with hypothyroidism (11). The presence of TRAb was confirmed around the time of delivery in 3 of the 9 mothers. Blood was obtained in 5 mothers 2.3-7.6 yr after birth (or, in mothers 320 and A188, after the birth of their first affected infants). Potent [iz51]TSH binding inhibitory activity persisted in all sera at a dilution of 1:40 to 1:160 (Fig. 2) . Similarly, all sera studied contained potent in vitro blocking activity, as measured by inhibition of TSH-induced stimulation of CAMP, which was detectable in serum at a dilution of 1:50 (Fig. 2) . In comparison, the stimulatory effect of most Graves' IgG cannot be demonstrated using unextracted serum in this assay system, but requires prior IgG purification. There was no apparent loss of blocking activity for at least 6 yr; two positive spots were identified in each of the years 1984,1985, and 1986 , and one in 1989. Furthermore, no significant difference in TSH binding inhibitory activity was observed between spots from control babies with T,-binding globulin deficiency from 1984 VS. 1989 (13.0 ? 3.6 VS. 14.3 2 3.9 U/L; P = N'S).
In contrast to the striking TSH receptor-blocking activity, TPO antibody concentrations were variable and, in fact, were of only borderline significance in two patients.
Discussion
In this study, we screened neonatal blood spots for TSH binding inhibitory activity to estimate the incidence of transient blocking antibody-induced congenital hypothyroidism in North America and elucidate whether the potency of the blocking antibodies is related to the degree of neonatal hypothyroidism. To attempt to identify all such affected infants, activity was confirmed in all maternal sera studied. In fact, dose-response studies revealed that the inhibitory activity in maternal serum, which was evaluated as long as 7 yr after the baby's birth, was sufficiently potent that it could be demonstrated at a 1:40 to 1:200 dilution of serum in the RRA and at a 1:50 dilution in the bioassay employed.
Although the underlying immunological mechanisms remain unclear, the persistence of these blocking antibodies in some patients for many years explains the tendency for a mother to have multiple affected offspring. The tendency for others to switch from secreting a preponderance of stimulatory to blocking antibodies complicated in some cases by decreased thyroid gland responsivity is the basis for the change from hyperthyroidism to hypothyroidism (11, 12) . Hypothyroidism can also precede hyperthyroidism (13). In rare instances, a more complicated neonatal picture can result due to the coexistence of blocking antibodies and stimulatory ones. In this case, a delayed onset of neonatal Graves' disease occurs because of the progressive dilution of the more potent inhibitory effect over time (14) . In the present study, two mothers had more than one affected infant, and one patient has had successively a normal, a hyperthyroid, and a hypothyroid baby. For these reasons, genetic counselling is of utmost importance to alert mothers of the high risk of recurrence and to ensure prompt evaluation (and treatment) of all subsequent offspring. Babies with the most potent TSH binding inhibitory ac-0 .
: 10 '1 In so duuuon 0 NORMAL I'MYXEDEMA CONTROB MOTHERS tivity had the most profound hypothyroidism, as determined by thyroid function testing on the same dried blood specimens and had the most severe inhibition of radioisotopic uptake on thyroid scan. These findings as well as the transient course in all babies identified provide strong evidence that the maternal blocking antibodies were of etiological importance in the hypothyroidism observed. This relationship between blocking activity and the severity of congenital hypothyroidism in the offspring has been reported previously in maternal serum (15, 16) . Maternal sera also inhibited recombinant human TSH-induced adenyl cyclase stimulation of recombinant human TSH receptor, verifying that the blocking antibodies inhibited the action of TSH on the human receptor in vitro.
Despite being exposed to potent TSH receptor-blocking activity in mtero, these infants did not develop any long term abnormality in thyroid function. This is consistent with the fact that TSH receptor-blocking antibodies, like other IgG, do not cross the placenta until 16 weeks (17) and, therefore, could not play a role in early thyroid embryogenesis.
All mothers, like those identified in previous studies (3-5, 7) had underlying autoimmune thyroid disease. All were receiving thyroid replacement because of hypothyroidism, and in three, this had been preceded by a hyperthyroid phase. This suggests that only babies born to mothers with underlying autoimmune thyroid disease are at risk for the development of blocking antibody-induced congenital hypothyroidism.
However, severe hypothyroidism in some mothers was not diagnosed until they were postpartum, and their babies were found to have congenital hypothyroidism due to TSH receptor-blocking antibodies (18). Also, it should be emphasized that TPO antibodies, although detectable in all mothers, were of no use in predicting the development of transient disease in the neonate.
In summary, we estimate the incidence of TSH receptorblocking antibody-induced congenital hypothyroidism to be 1 in 180,000, or about 2% of all cases of congenital hypothyroidism.
Whether routine screening for the presence of maternal TSH receptor-blocking antibodies should be performed in all babies with congenital hypothyroidism and whether mothers or babies should be studied will depend on further information about the prevalence of these antibodies in pregnant women, a careful cost analysis, and whether decreased intellectual ability occurs in some of these infants despite adequate postnatal therapy. In the meantime, the diagnosis should be suspected whenever congenital hypothyroidism is diagnosed in the baby of a mother with hypothyroidism due to autoimmune thyroid disease, particularly if previous offspring have had congenital hypothyroidism.
Similarly, any baby with eutopic thyroid tissue evident on thyroid ultrasound should be studied regardless of the thyroid scan result. 
